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PREFACE

Increasing attention is being now paid to the possibility of using dirigibles mome widelyI
becf'ue or the flexibility of performance of the lighter-than-air (LTA) concept. Attention is
being focused on the potential improvements offered by advances recently made in aerospace
technology. For its part, the Structures and Materials Panel has an interest in the application
of new materials and novel structures, and an activity to consider those aspects has been set 1
up by the Panel at its Spring 1983 Meeting in London.

This pilInt paper was presented at this Meeting. It demonstrates that significant reductions
in structure weight can he achieved through the use of new materials, such as carbon fibre
composites, and goes on to show what corspending impmrvemnts in operational performance

Ths e gaed given here are encouraging; they provide a starting point for future developments.

N P.SANTINI
Chairman, Sub-Committee on
Materials &Structur- for Dirigibles
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SUMMARY

Some problem amaa for the advanee of imodem airhip we pointed cut.
A typical long range sea patrol mmon s 

considered.
In particular the use of composite materiab for the sncture and for the envelope, in order to achee asitatial redhwtion of

the empty weight and consequently a pesfoe.ance improement, i considered.

INTRODUCTION

Recently se eral proposal for the lighter-thn-air (LTA) aicraft ue have been prembed, which take into account technological
advance in strutural make"ib propulsio "e and control techniques. R is claimed that such advrances would permit the design

of new aishipa which are both safer and mote efficient,
Such kinds of design include ht weight envelopes sad tructwes light weight engines m advanced controls and inetr ati
Thus a mode a ipwould have better perfomanca than hitoeieal a a o oempeabe volume.
However the obioua limits of the airsp that make it non.competitive whith commercial air taraport lead to deeper inspectlies

for specal misions of the airhips The mot appealing application for a modem conventional airship could be a long range maitwne
patrol mimion, beeause of the payload capacity and endurance.

The airhipa h Ave higher speed than hip and greater endurance mad higher paylocd capacity than airplane[ I .

M.- EMPrY WEIGHT EFFECT

In order to evaluate the airship efficiency the fird item to ,v conaidered is the empty weight (') effect.k m. lThe ratio empqf weight to volume (i./V) vermsi volume for seve'a airahips - Akron, Macon, Hindenburg included - i s ht.wn in

W. kg

V m
'

127i Fig. I

" z visav k

WOL O

00
.riglciJ

a-S*mi - rigid
, "A~ali-rmtai -'""

,, O-Propoled J

0 6V. 163 m3

(') The empty weight is given by the gor weight lesifing go weight mad useful and fuel weight
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One can we that, deapite the replacement of steel with alunis.a alloys i the r~d structiure tWe. ratin is Clowe to bring pemtlealy
constant an volumie incresses.

*Timeefree the effick ney doeo itot inrasme with ske, typical valus of current tecenlogy arin the ma*W/V w 0.53 hg/ma' The

contribution of the individual partA of the rigid akisip to the aWe vaues we diw'inm Table 1.

TABULI - Rtigid Abup ______

COMPOWENI 1./Vkig/m)

ENVELOPE AND GAS RAGS .10'

lIGID STRUCTUJII I1ns
PROPULSION .100

CAR, CONTROLS,
INSTRUML-4TATION, ... .165

*forethe smikigid and nonrigi airships the valuse dampnts to .2 mid .3

Seveal proposed ainsiira which .eoul usenmew lightar atructurul materials. am cnddered iFig. 1141.
As one can we the ratio Wq/V is ignificantly reducedamid a mome advmced valise ./V m .33 might be achieved with current

Empty weight also affects cavM altitude. For WiSV m .5 and W./V w .3, values of the ratio of usseful load at vaious altitudes.
W.,, and useful locd at we level, Vug, versin altitude, are pseus.ted in Figt. 2. foe helium pril ifitingfor" of 1 41Wn.

It appea that the empty weight effect on tihe uttitude capability ma verny ignificant.

h ~N.,Fig. 2

.4. V

IaltltucI M

2. - PERFORMANCE ANALYSES

In oeder to evakiate the potential effectivnic of inomlser airsips with a reduced structural weigt, aomre performancea me presen-
ted by using the srag mid propulsve efficiency of sigma of the past.

Rmige increase, d, versma volume for two crnuise velocitiaa aod seveal ratios. %./V, ma shown in Figa. 3 and 4. In thia mialyi the
ratio Wa /V is kept contant, so that the weight of the fuel, W1, ismeam &Bthe afDo WONV in improved. The peoductivity, (definead by

* payload ton a race kilometers) teaa volume ia peamsted in Fig. 3.
Conversely af time kaio Wt/V is kept consat (m duat the payload increma as the ratio W./V is improved) am e ta the values of

7 ~peoducfivity, as defined by payloa tona. raqe hflomaeeva/fse Mio which am shown in Fig, 6.
out it in important to add amother shigaiemt prmue selt mim valoalty; in., by redefining the productivity as the ratio (pay.

load rmige a cruis veloity/fuel required), we obtin the. Fig.?. for a W00,000 ma' airahip and two ratioa 1./V.
From thme above considersamr it is pssb to raw a passb coeqigmation of tW airship for a me Patrol ission.
For i&A.Lac 1. 8 show. for a minm, ae deined by reea, payload and cruie velocity, thme vaim of volume computad a a

function of the ratio 1./V (SL,1ft

to
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3. - TECHNOLOGICAL ADVANCE IN M 4TU.1ALS f 7
The prevou meyi shoawas that one ges ignifiant lmpmaeut a the atio We/V detor s
Thiadcuc,4aa maybhe achiewilby ewd netual matrilandnew fali for the carterI7L 1
In t frm of .owao, I mprveents in alecat ongdw may allw to a" up to 75% of Oe feheat weight. IN 1th afra,

apphOon n th cor a nd spaym-af I constraction.

Table 2 for peoprctha) could be used,

TABLE 2 - Mtwua motorob

STRUCTURAL MATURtALS DENSITY YOUNG' MMDILUS TENSILE MTRNG711

7075 Alhminum 27M0, M5 .41

Titanium 450W. 11M I11

Glass Fibef 2100. 50. 1.20

Carbon Fiber 100 200..0

Keels: fiber 1400. 11,.40

Wright saaing-ism comnpared to an analogous. alumnum &Bay structure, may he as high m 30 peecraeU, that ism an " meat with the
poeviiion of thme composite materials application for new design studies Concerning primary Krutwea, e* t wing. in aircaft stitct-j

A orcondl Bignitcant &owing can he achieved by usin new (abris for t nvelop,

Thme promertie or tivese mite"ib which hawe a bue for the high alitude te"Wnais hauft, ien vted in Table 3.

TABLES3- Enveloloe Maerls

MATERIALS 1WFMHIT MAN~LE STRENGIIT PIRMELABIUITI

Ruber coton 90

Myhfre 5S. SO. I
NylonNylon _6, M_

In -mmaion it Uthboal"lrovelomea ofcottoweefoed rabne, t new mave riln couli -rabout 35+ 40 gnaML
At Iea if sb U econdary at e caa membera (eg. i'ar control net..., rining ...) we maomfootw4 from compote mateul,

a fuether uovig at IS preent col he achieved, It ma wel known that hevh ier . have been umed. Unt aleuip AD-M0 Skywhi
1Th &apaCim GoWce. M the 1111 SR UP, M11Itione it 0Affral wei~ht Which could lowe tis ratOD W ./, foe t fataWebmp. to

.35 (am Table 4), 110 L
In Ithr aac onsme by Fig. 8,a alioicent reduction in the ryte a oiecievd
Far cxample for i typida ma patro long range anmim, dotind by a aervem daya emdarama andW a 30 IOWA payload, a reductkion

Ute ratio W.IV from.55 t0.35 ahoarl prmit t useof 4% airahip of 70,000 a' class,

TABLE 4 - AivWAmed abohipa

COMPNUM I . WIN
ENVELOPE AND GAS RAGS .06

RIGID SRUTUE j .14

PROPULSION .03
* CAR, CONTROLS

IYtSrRUMENTsATION, . .12



4.- PROBLEM ARIAS

IN th Audian' apwm iut. isPon" to Wkdle ti 6000 aijoir Ia wla e" n or der to gt a IdfM harr W Ipwrto ie
ahid4 pwfoamm.. d ond thediuW g I~adh i hi090'mt
I - pidmary abin We ramiudlam in COMPailte meA6".

2- Cod". ittmt eummma in Compadw Matethb;
5- phat makeeW Iwtativa for emwiAgme ad I- cebt

*4- "*don eampf eCliqa i =sly* ofi*addm cid..
3- thrust Nw etral capabsky

* 6- mkdil dynauimc &ad corovl at low wiocithia;
7- aW prtongon handling ad ground facit.

a- e4ielopmen of aw Geatlflcatioe nab.
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